The TIGR Plant Transcript Assemblies (TA) database (http://plantta.tigr.org) uses expressed sequences collected from the NCBI GenBank Nucleotide database for the construction of transcript assemblies. The sequences collected include expressed sequence tags (ESTs) and full-length and partial cDNAs, but exclude computationally predicted gene sequences. The TA database includes all plant species for which more than 1000 EST or cDNA sequences are publicly available. The EST and cDNA sequences are first clustered based on an all-versus-all pairwise sequence comparison, followed by the generation of consensus sequences (TAs) from individual clusters. The clustering and assembly procedures use the TGICL tool, Megablast and the CAP3 assembler. The UniProt Reference Clusters (UniRef100) protein database is used as the reference database for the functional annotation of the assemblies. The transcription orientation of each TA is determined based on the orientation of the alignment with the best protein hit. The TA sequences and annotation are available via web interfaces and FTP downloads. Assemblies can be retrieved by a text-based keyword search or a sequence-based BLAST search. The current version of the TA database is Release 2 (July 17, 2006) and includes a total of 215 plant species.
INTRODUCTION
Despite the best efforts of gene prediction software, expressed sequence tag (EST) and other cDNA sequences are among the most reliable evidence for gene expression and gene identification. Many EST sequencing projects have generated millions of sequences, typically representing partial transcripts derived from single-pass sequences of the 5 0 or 3 0 end of random cDNA clones. High-throughput full-length cDNA sequencing projects have generated full-length transcript sequences for selected model plants including Arabidopsis, rice and maize. Experimentally derived cDNAs from individual gene cloning studies generally represent both partial and full-length gene transcripts.
Over 10 million plant EST sequences are present in the NCBI GenBank Nucleotide database. However, the number of annotated cDNA sequences corresponds to <2% of the EST sequences. The large volume, short lengths and lack of functional annotation are common obstacles to using EST sequences for gene modeling and gene structure identification. One approach to reduce the redundancy and to consolidate the EST sequence data, as well as to potentially maximize the sequence information of the gene transcripts is to assemble the EST and cDNA sequences using highly stringent assembly criteria.
Several groups have undertaken efforts to assemble and annotate ESTs and mRNAs from plants, and each uses a different procedure for selecting the plant species and types of sequences that are to be included in the databases. The first such effort was the NCBI UniGene project (http:// www.ncbi.nlm.nih.gov/entrez/query.fcgi?db¼unigene). which currently contains transcription loci from 29 plant species (1, 2) . Each transcription locus is represented by a set of related but unassembled transcript sequences. The Gene Index project (http://biocomp.dfci.harvard.edu/tgi) generated tentative consensus sequences for approximately 30 plant species (3, 4) . Species with more than 50 000 ESTs are included in the Gene Index database. However, other plant gene indices have been built on request, and several important plants containing only a few thousand ESTs are also present. The assembled tentative consensus sequences in the Gene Index database are derived from ESTs, cDNAs and predicted gene transcripts using the CAP3 assembler. The PlantGDB EST assembly project (http://www.plantgdb. org/prj/ESTCluster) contains a collection of EST assemblies from 107 plant species, using the CAP3 assembler (5, 6) . A species is included in the PlantGDB EST assemblies if there are more than 10 000 ESTs available for that species. The HarvEST project (http://harvest.ucr.edu) provides CAP3-assembled EST assemblies for eight plant species including selected cereal and crop species.
With the goal of generating a comprehensive resource of assembled and annotated gene transcripts derived from experimentally-derived EST and cDNA sequences, we have developed the TIGR Plant Transcript Assemblies (TA) *To whom correspondence should be addressed: Tel: +1 301 795 7862; Fax: +1 301 838 0208; Email: achan@tigr.org database (http://plantta.tigr.org). To enable rich, informative cross-species comparative studies within the Plant Kingdom such as the discovery of putative orthologues from among the represented species and also to simplify and broaden the range of species used for genome annotation, the TA database includes all plant species with more than 1000 publicly available EST and cDNA sequences from the GenBank Nucleotide database. The input EST and cDNAs sequences are clustered and assembled based on sequence similarity to generate a consensus sequence using the TGICL tool (7) . The TGICL tool is a wrapper script which first clusters the input sequences from individual plant species based on an all-versus-all pairwise comparison using Megablast (8), and subsequently creates the final assemblies using CAP3 (9) . Functional annotation and orientation of the TAs are determined using the UniProt Reference Clusters (UniRef100) protein database as the reference resource (10) . The TAs can be retrieved using keyword or sequence searches. A tree-view is available to allow direct access to the 215 TAs according to species, genus or higher order taxonomic classification. The TAs and their annotation are available through web interfaces and FTP downloads. The TA database will be regularly updated to include new EST and cDNA submissions to the GenBank Nucleotide database. The current version of the TA database is Release 2 (July 17, 2006).
TA construction
The TA database was set up using a MySQL database management system. The database schema was designed to handle the particular needs of the TA database including the ability to track assembly history and annotation. To set up the first release of the TA database, we generated a list of plant species that satisfied the criteria of having more than 1000 available EST or cDNA sequences. For each species, the corresponding EST as well as partial and full-length cDNA sequences were collected from GenBank. Computationally derived or predicted transcripts from genome annotation projects were excluded so that any given TA sequence represents experimental proof that such sequence is actually transcribed. EST sequences were directly collected from the GenBank Nucleotide EST division. Full-length and experimentally derived cDNA sequences but not predicted transcripts were selectively retrieved by collecting GenBank Nucleotide records labeled as 'mRNA biomolecules' and by limiting the source databases to DDBJ, EMBL and GenBank. The collected EST and cDNA sequences were first cleaned of potential vector contamination using the TIGR SeqClean tool (http://www.tigr.org/tdb/ tgi/software) and the NCBI UniVec database (http://www. ncbi.nlm.nih.gov/VecScreen/UniVec.html). The SeqClean tool also screens for low-complexity regions, trims poly A and poly T tracts and sequence ends rich in undetermined Figure 1 . An example of the TA current release page based on six selected TA species, including rice, maize, wheat, barley, Arabidopsis and Medicago, out of a total of 215 available TA species. The table shows the GenBank taxon id, the scientific and common names of the species, the date of sequence retrieval from GenBank, the current release number, the numbers of input sequences obtained as ESTs and partial and full-length cDNAs, and the number of TA and singleton sequences.
bases, as well as removes low quality sequences. The TGICL tool (7), Megablast (8) and the CAP3 assembler (version:4/ 15/05) (9) were used for the clustering and assembly steps (command: tgicl <fasta_file> -p 95 -l 50 -v 20 -s 10 000 -O '-p 95 -y 20 -o 50'). TGICL is a wrapper script which first clusters the vector-trimmed sequences based on an all-versusall pairwise sequence comparison using Megablast, and subsequently assembles each cluster by CAP3 using the following highly stringent criteria: (i) the overlap between two sequences must be longer than 50 bp; (ii) the sequence identity between the overlapping region of the two sequences must be >95%; (iii) the number of overhanging, unaligned bases at the ends of the sequences must be <20 bases; (iv) large clusters with >10 000 component sequences are avoided. The resulting consensus sequences for each species are assigned a TA identifier number. The format of a TA identifier is TAnumber_taxonID where, number is a unique numerical identifier for the TA within a species and taxonID is the NCBI taxonomy identifier of the species from which the sequence was obtained. EST and cDNA sequences that are not included in a TA assembly are stored as singletons in the TA database and retain their original GenBank accession number as their unique identifier.
TA annotation
Functional annotation for each TA was assigned using the BLAT search program due to its speed (11) . The UniRef protein database was used as the reference due to its high-quality annotation and compact size (10). The current TA release (Release 2) uses the UniRef100 database. Low complexity regions of the protein database were masked using the SEG filter program (http://blast.wustl.edu) prior to carrying out the BLAT searches to minimize biologically non-significant hits. For each TA and singleton sequence, functional annotation was assigned based on the best UniRef protein hit ranked by alignment score which satisfied a minimum threshold of 20% identity and 20% coverage between the TA and the protein sequence. The transcription orientation for each TA was determined by the relative orientation to the protein hit with the best alignment score. Additional functional annotation such as protein families and domains [e.g. InterPro (12) ] and gene ontology (13) will be included in future releases. Owing to the extensive coverage of the plant species by the TAs, new features such as cross-referencing of putative gene orthologues among the plant TAs will allow a thorough analysis of the functional similarity or conservation of the orthologues. 
Data access
The TA database is accessible via the project website (http:// plantta.tigr.org) and FTP downloads (ftp://ftp.tigr.org/pub/ data/plantta). A current release page (http://plantta.tigr.org/ cgi-bin/plantta_release.pl) summarizes the number of species included in the current data release and associated information such as the number of input EST and cDNA sequences and the number of TAs generated. A summary of the TA release information for six selected model plants including rice, maize, wheat, barley, Arabidopsis and Medicago is shown in Figure 1 . The release table can be sorted by species name, taxon id, release number and the number of TAs in the collection. For each species, a link out from the release table to the FTP site for TA and annotation download is also available.
Users can access the TA database using keyword searches or through the TA BLAST server for sequence-based searches (http://tigrblast.tigr.org/euk-blast/plantta_blast.cgi). A dynamically expandable taxonomic tree view allows users to specifically select species, genera or higher order taxonomic groups to narrow the keyword and BLAST searches. An example search using the keyword option to search for gibberellin oxidase-related TAs from the nine available Coniferopsida species is shown in Figure 2 . The search results display the TA identifier number, species name, annotation description, percent identity and percent coverage between the TA and the best matching UniRef protein entry. The TA identifier number provides a link to the TA report page. For TAs from Release 2 and later, the annotation description links to the UniRef protein database. The TA BLAST server allows a user-provided sequence to be searched against the TAs using the BLAST programs (14) : blastn, tblastn and tblastx. All BLAST searches are performed with WU-BLAST 2.0 (http://blast.wustl.edu). The search result provided is a standard BLAST output with sequence alignments and links to TA report pages.
A TA summary report can be retrieved using different identifiers including the TA identifier number, the GenBank accession of the component EST or cDNA sequences of an assembly, or the GenBank accession of a singleton sequence. The database schema was specifically designed to allow for the retrieval of a TA using the sequence identifiers of the component sequences. Figure 3 shows an example of a TA report page for TA43008_4530, a serine threonine kinaserelated rice TA from Release 2. The assembly report displays the TA identifier number, TA functional annotation, an assembly diagram, a list of component sequences and their corresponding coordinates within the assembly, and the TA sequence. The list of component EST and cDNA sequences also provides links to the most current assembly to which individual component reads belong. This allows forward tracking of deprecated TAs from previous releases.
TA updates
As new EST and cDNA sequences become available for species with existing TAs, it will be necessary to incorporate the new sequences by rebuilding the transcript assemblies. When the total number of EST and cDNA sequences for a particular species increases by 10% and that the increase is greater than 1000 sequences, the TA will be reconstructed. The TA identification numbers are not reused but increase sequentially. The TA database will be updated approximately every 3 months.
CONCLUSIONS
We have created the TA database as a combined effort to support in-house genome annotation work and also to provide the plant genomics and molecular genetics community with a comprehensive resource of assembled and annotated gene transcripts from available plant species. In particular, the inclusion of all plant species for which more than 1000 EST and cDNA sequences exist will enable future comparative analysis across multiple taxonomic clades such as the discovery of gene orthologues and novel species-specific genes. In Release 2, we fully implemented the use of stringent assembly parameters and UniRef100 for annotation instead of UniRef90 which was used in Release 1.
Although the TA database uses the TGICL tool, an open source developed by the Gene Index project, the major differences of the TA database and the Gene Index project are as follows. First, the TA database only includes expressed transcripts such as EST, partial and full-length cDNA from GenBank as input sequences, but not computationally derived gene transcripts originated from whole genome annotation projects. Second, all TAs are clustered solely based on individual plant species but not at higher levels (e.g. genus) of taxonomic classification. Third, the TA database uses a newly developed database schema different from the Gene Index project. Furthermore, the wide collection of 215 plant species in the TA database is also a unique feature not represented by other plant transcript assembly projects. In future releases, we intend to develop new features and functionality for the TA database including additional filtering of input sequences to avoid microbial sequences and repetitive sequences such as the rRNAs, checking for potential chimeric transcript assemblies, functional annotation of protein domains and gene ontology of the TAs, cross-referencing among putative orthologues, addition of cDNA library source information associated with the EST and cDNA sequences to provide spatial and temporal expression evidence for the TAs, as well as backward version tracking of the TAs to enable cross-referencing between releases.
